MATERIALS AND METHODS
INTRODUCTION
Cough is a fundamental reflex defense mechanism and a common reason for patients to seek medical care. Chronic cough (>8 weeks duration) is a major health issue that affects 9%-33% of the population 1 and severely impairs quality of life. 2, 3 Female predominance in western populations has been observed in chronic cough patients attending cough clinics. [4] [5] [6] [7] [8] [9] [10] In the literature, several factors are related to the predominance of females such as a different likelihood of seeking medical attention, 8 objective cough frequency, 5 and cough reflex sensitivity. 5, [11] [12] [13] [14] [15] [16] A major proportion of chronic cough patients are middle-aged or elderly females 4, 5, [9] [10] [11] ; however, there is still no clear explanation on the demographic findings.
This study primarily examined the age and gender distributions of Korean adult chronic cough patients referred to a specialized clinic. In addition, we explored the clinical factors relevant to the demographic findings.
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Woo-Jung Song, 1 All participants provided written informed consent. The study protocol was approved by the institutional review board of Seoul National University Hospital.
Electronic medical record searches for demographic comparisons
An electronic medical record search was performed on outpatient visit records under the search term of 'chronic cough' as the primary diagnosis in order to validate study participants as representative of the entire chronic cough population attending a tertiary clinic. Age and gender parameters were retrieved from adult patients with chronic cough for the first time during the last 5 years (defined as Group A). Second, another search was conducted for the entire population who presented hypertension during one month (defined as Group B) to compare with other chronic diseases.
Clinical assessment
The clinical information analysis of study participants investigated clinical factors associated with demographic characteristics. Upon initial visit, they underwent investigation for differential diagnosis according to diagnostic protocols at the cough clinic such as chest X-rays, PNS views, methacholine challenge tests, induced sputum analyses, capsaicin cough sensitivity tests, rhinoscopy, and structured questionnaires.
Methacholine challenge tests assessed airway hyper-responsiveness (AHR) with a modified protocol based on Chai et al. 17 A methacholine challenge test was prepared with diluted saline: 0.5, 1, 2, 4, 8, and 16 mg/mL delivered as an aerosol by a Rosenthal-French dosimeter (Laboratory for Applied Immunology, Baltimore, MD) and a nebulizer (DeVilbiss, Carlsbad, CA). Subjects were instructed to inhale 5 inspiratory capacity breaths while increasing the methacholine concentration from 0.5 to 16 mg/mL. A concentration of methacholine that caused a 20% decrease in forced expiratory volume in 1 second (FEV1) from the baseline was defined as PC20. AHR was defined positive if PC20 <16 mg/mL. 18 Induced sputum was analyzed according to European Respiratory Society/American Thoracic Society working group report protocols. 19 Sputum eosinophilia was defined as present if the subject had sputum eosinophils ≥3%. A total of 180 subjects completed induced sputum tests successfully (66.7%). No differences were found in age or gender distributions for subjects who underwent successful sputum induction and subjects that did not (n=90). A capsaicin cough challenge test measured cough reflex sensitivity with a modified version 20 of methods suggested by Fujimura et al. 15 The subjects inhaled 0.5 to 64 μM of nebulized capsaicin. The process proceeded in a sequential order at 1-min intervals via a nebulizer attached to a breath-activated dosimeter delivering 8 μL. The number of induced coughs was counted and recorded. The test ended when a maximum concentration was reached. Capsaicin cough sensitivity was described as the lowest capsaicin concentration (C5) to provoke 5 consecutive coughs immediately after inhalation. C5 was arbitrarily defined as 128 μM for statistical analyses, if it was not produced in the test concentrations (≤64 μM). The imputation approach was adopted from methacholine challenge tests 21 ; in addition, the total number of capsaicin-induced coughs was counted.
The presence of underlying rhinitis/rhinosinusitis was assessed by clinical history and supplemented by a PNS view or rhinoscopy. Rhinitis/rhinosinusitis was considered present if subjects had nasal symptoms (rhinorrhea and/or nasal obstruction) and/or positive radiologic or endoscopic findings (either nasal polyp, moderate amount of mucopurulent discharge, or more than moderate edema of the middle meatus).
Structured questionnaires included dichotomous yes/no items on 'allotussia' (cough triggered by non-harmful stimuli) and 'laryngeal paresthesia' . Allotussia was defined by a positive response to 'cough by cold air' or 'cough by singing/talking' asked by the question 'cough triggered when you inhale cold air' or 'cough triggered when you sing or talk' , respectively. 'Laryngeal paresthesia' was defined by a positive response to 'abnormal throat sensation or tickle when not exposed to a cough trigger' .
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Statistical analysis
Descriptive statistics are presented as categorical variable percentages, means±standard deviations (or medians) and interquartile ranges for continuous variables. Chi-squared tests for categorical variables and unpaired t-tests, Mann-Whitney tests, or ANOVA for continuous variables assessed the group differences; in addition, a Spearman bivariate test analyzed the correlation of the variables. Cough reflex sensitivity (C5) were compared as log-transformed. Stata 12.0 software package (Stata Corporation, College Station, TX, USA) performed the statistical analyses. All tests were 2-sided and P values were significant at <0.05.
RESULTS
Age and gender distribution among chronic cough patients
We randomly recruited 273 chronic cough patients; subsequently, 272 subjects were included after the exclusion of one patient with pulmonary tuberculosis. Table 1 describes the baseline characteristics. The mean age was 52.8±15.7 years with a female predominance (69.1%). The age of onset for chronic cough was 49.2±16.2 years and disease duration before the initial visit was a 12 month median. Histograms in Fig. 1A and B present age, age of onset, and gender distributions.
Age and gender distributions were compared with all chronic cough patients over the last 5 years (Group A, n=1,732) to validate representativeness. The study results indicated almost identical distributions in age and gender, compared with group A http://e-aair.org (age: 52.8±15.7 vs 51.8±16.2 years, P=0.670; and female: 69.3% vs 67.6%, P=0.573; Supplementary Figure E1A ). In addition, study participants were compared to adult patients with hypertension (Group B, n=1,871) and indicated significant differences in age (52.8±15.7 vs 65.1±11.7 years, P<0.001) and gender (female: 69.3% vs 47.7%, P<0.001; Supplementary Figure E1B ).
Clinical factors associated with demographic findings
Females were more prevalent than males with a ratio of 2:1 and the female predominance was evident after 40 years of age. We analyzed the association of clinical factors and demographic findings of 270 patients; excluded from the analysis were 2 patients (1 female and 1 male) that did not undergo a diagnostic investigation for their presumptive causes of cough (taking angiotensin converting enzyme inhibitors). No significant gender differences were indicated by cough duration, type of referral, BMI, rhinitis/rhinosinusitis, FEV1/FVC ratio, methacholine AHR and sputum eosinophilia. However, female cough patients Rhinitis/rhinosinusitis defined as positive if the subject had definite nasal symptoms (rhinorrhea and/or nasal obstruction) or positive nasal endoscopic findings (nasal polyp, mucopurulent discharge or edema in middle meatus); ‡ AHR defined as positive if the subject had methacholine PC20 <16 mg/mL; § Sputum eosinophilia defined as positive if the subject had induced sputum eosinophil ≥3%; Laryngeal paresthesia defined as positive if the subject answered yes to the questionnaire item 'abnormal throat sensation or tickle when not exposed to a cough trigger'. BMI, body mass index; IQR, interquartile range; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; AHR, airway hyper-responsiveness.
had a significantly higher capsaicin cough sensitivity (lower log2C5 and higher total count of induced coughs) than males. Table 1 shows that female responses to the questionnaire item 'cough by cold air' or allotussia were significant.
Female predominance was more prominent after 40 years of age, and the subjects were arbitrarily categorized into 3 age groups (younger adult group 18-39 years, middle-aged group 40-64 years and elderly group ≥65 years) for subsequent analyses (Table 2) . Subsequently, the rates of rhinitis/rhinosinusitis, AHR and sputum eosinophilia did not differ between gender for any age group. Among the clinical features of cough, 'cough by cold air' was more frequent in females than males for the elderly subgroup. 'Cough by singing/talking' was slightly more frequent in females than males for the middle-aged group. However, 'allotussia' or 'laryngeal paresthesia' was highly prevalent and affected 94.8% or 86.8% of chronic cough patients, respectively. The prevalence was similarly frequent (>80%) in every age/gender subgroup.
Capsaicin log2C5 was significantly lower in females than males (particularly in the elderly subgroup) and indicated a higher prevalence of capsaicin cough sensitivity for elderly females (Fig. 2) . The total challenge test counts of capsaicin-induced coughs were significantly higher for females aged ≥40 years (Fig. 3) . The capsaicin C5 (or total counts of induced cough) did not significantly relate to factors such as BMI, smoking status, presence of AHR, sputum eosinophilia, rhinitis/rhinosinusitis, 'cough by singing/talking' and laryngeal paresthesia. However, 'cough by cold air' was significantly associated with total counts of capsaicin-induced cough (years: median 22, IQR 15-32; vs no: median 18, IQR 11-28; P=0.008), and marginally with log2C5 (years: median 5, IQR 4-7; vs no: median 6, IQR 4-7; P=0.073).
DISCUSSION
This study reports a middle-aged female predominance of adult chronic cough patients presented to a tertiary referral cough clinic in Korea. We found that capsaicin cough sensitivi- [4] [5] [6] [7] [8] [9] [10] Epidemiologic data on community populations that encompass diverse age groups are limited; however, a recent Swedish community population survey supports the conclusions of cough clinics (subjects with cough; mean age 55.2 years and female 63.2%). 23 The findings on age and gender distributions warrant further confirmation but the consistency in demographics has resulted in speculation by researchers on the presence of an intrinsic pathophysiology for chronic cough. We found that female cough patients had a higher capsaicin cough sensitivity (in both of C5 and total counts of induced cough). The gender association for females and capsaicin response is a well-known finding in adults. 5, [11] [12] [13] [14] [15] Mechanistically, estrogen hormone is suggested as a link 24 as it experimentally enhances the capsaicin sensing cough receptor, transient receptor potential vanilloid 1 (TRPV1). 25, 26 Capsaicin cough sensitivity is proven to be up-regulated among females after puberty. 27 However, estrogen hypothesis could not explain the findings that chronic cough is prevalent among post-menopausal females. A large proportion of chronic idiopathic cough 28 or ACE inhibitor cough 29 were post-menopausal females. Cough is a defensive reflex to clear harmful inhalational particles or prevent aspiration. The cough reflex is believed to be particularly developed in humans to prevent aspiration due to the evolutionary downward transition of the larynx to the esophageal opening for speech acquisition. 30 It is speculated that pregnancy between the ages of 30 and 40 may promote the development of a cough reflex to prevent reflux and aspiration. 31 The clinical relevance of enhanced capsaicin sensitivity is believed to be as follows. Airway TRPV1 is a channel predominantly located in the sensory nerves that can be activated by direct agonists such as heat, acid or capsaicin 32 ; however, it is also activated and sensitized by indirect agonists such as endogenous bradykinins or prostaglandins. 33 Local persistent inflammation (i.e., allergic airway inflammation) may result in the hypersensitization of TRPV1 receptors by an endogenous agonist release 34 ; subsequently, any tussigen inhalation may cause an enhanced cough response (hypertussia) if the TRPV1 receptor is sensitized. 35 With regards to capsaicin hypersensitivity, Japanese researchers have proposed a diagnostic term of 'atopic cough' for a subgroup of atopy patients and enhanced capsaicin cough sensitivity. 36 It is uncertain if higher capsaicin sensitivity indicates the presence of 'atopic cough' 37 in our study participants or rather represents an overall phenomenon of enhanced cough sensitivity for older females. Current literature is unclear on the presence of 'atopic cough' . 37 Besides TRPV1, there are more sensory cough receptors functioning in the airways 38 and the role of the transient receptor potential ankyrin 1 (TRPA1) channel has been highlighted in 38, 41 Cough is a consequence of the interaction of various sensory afferent inputs known as 'cough plasticity' . 38 Chronic cough is explained as a single disease entity with an intrinsic pathophysiology known as 'cough hypersensitivity syndrome' . 4, 42, 43 It is a conceptual entity; however, the global consistency in demographic features (Alyn Morice et al. in submission) suggests the presence of an intrinsic pathophysiological mechanism. The findings on the significant correlation of capsaicin responses and demographic distributions suggested cough sensitivity for the pathogenesis of chronic cough. However, advances in cough reflex measuring methodology should further characterize the disease entity in regards to types of relevant sensory receptors.
Cough hypersensitivity in chronic cough
The study questionnaire indicated that allotussia and laryngeal paresthesia were highly prevalent in chronic cough patients (more than 80%) and that allotussia was frequent in middleaged or elderly female cough patients. The findings need careful interpretation as they were subjectively assessed by the presence of symptoms despite the prior utilization of definitions. 22, 44 However, the findings are of interest because sensory perception measurement outcomes could be considered as equally important to motor consequence (cough frequency) in cough research. 45 The clinical relevance still needs further validation and some researchers suggest that capsaicin cough response (hypertussia) indicates a peripheral sensitization; however, allotussia or laryngeal paresthesia also reflects the central sensitization in the cough reflex. 22, 46 The findings on the high frequency of laryngeal paresthesia (86.8%) are in accordance to previous findings on refractory cough patients (94%) 44 and suggest a potential role for central sensitization in chronic cough. The positive association between capsaicin cough responses and 'cough by cold air' can be explained by prior experimental findings that TRPA1 and TRPV1 are mostly co-expressed in sensory neurons. 39 The present study has several limitations. It was a cross-sectional observational design and could not address causal relationships. The clinical relevance of enhanced capsaicin sensitivity among cough patients warrants longitudinal follow-up studies; in addition, it was conducted at a tertiary referral cough clinic and the external validity could be questioned. The lack of detailed information on socioeconomic factors is a limitation to the demographic findings.
Capsaicin sensitivity has a wide variability with overlaps between cough patients and healthy controls; 47 subsequently, it may not have a discriminative power. However, a capsaicin test remains a valid tool for group level comparisons if the sample size is sufficient. 5, [11] [12] [13] [14] [15] 31, 35 Prior studies focused on relatively younger adult populations and none indicated a gender difference in the elderly 7, [13] [14] [15] [16] [17] ; subsequently, the present study is unique as we report on enhanced older female cough sensitivity. Studies by Kastelik et al. 11 compared capsaicin cough sensitivity between pre-menopausal (<55 years, n=23) and postmenopausal women (≥55 years, n=37); however, their study had a small sample size and did not separately analyze the elderly group (≥65 years). Fujimura et al. reported a slightly higher capsaicin cough sensitivity in the post-menopausal than in the pre-menopausal healthy women (mean age: 50±7 years, total n=40); however, they did not include a sufficient elderly population. 15 The validity of additional outcomes on the total number of induced coughs during capsaicin inhalation could be questionable. At present, the clinical value of C5 is now being challenged; subsequently, some researchers have tried modified outcomes in capsaicin cough testing such as 'total number of coughs after inhalation of specific concentration' 35 or 'maximum cough response at specific concentration' . 48 We exploratively measured the total count of induced coughs during inhalation as an additional outcome of the present study. We agree that further studies require additional validation. However, we believe that the definition has strength over C5 because it has no upper limit value (128 μM in the present study) and has less overlap between patient and control.
In conclusion, chronic cough patients referred to a cough clinic demonstrated a predominance of older females. Demographic features were significantly associated with an enhanced capsaicin cough response. Allotussia or 'cough induced by cold air' was also more frequent in female patients. Laryngeal paresthesia or allotussia was common and affected more than 80%-90% of chronic cough patients; subsequently, we suggest a role of cough reflex hypersensitivity in the pathophysiology of chronic cough in adults.
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